Compost use in landscaping and erosion control applications has become widespread. Various types of composts have been utilized on highway embankments. Erosion resistance could vary with different compost materials. The objective of this study is to investigate the erosion resistance of three types of widely used composts. Rainfall simulators were constructed to simulate natural rain of 3.0 in/hr. Soil boxes were designed and built to simulate inclined embankments. Bench scale experiments were first conducted to test the erosion of natural base soils (sand, silt, and sandy clay) under 1 hr rainfall. Excessive soil losses were observed in all base soils, and silt slope failed during the test. Then repeated rainfall erosion tests were performed on sandy slopes with three types of composts covers (green compost, manure compost, and biosolid and green material co-composts). The co-compost slope retained stability and the other two compost slopes failed. Chemical and biological constituents in the runoff were analyzed. The concentrations of the analyzed constituents were high in the initial rainfall event and reduced with sequential rainfalls. Most of the toxic metal concentrations in the runoff were less than the EPA criteria.
INTRODUCTION
Surface erosion of roadside embankments due to rainfall can lead to embankment failure and possible contamination of a downstream water body by surface runoff. Compost, an erosion control material made from readily available and inexpensive waste, can reduce erosion and runoff and allow quick establishment of roadside landscaping. Compost use by state Departments of Transportation (DOTs) in landscaping and erosion control applications has become widespread (Composting Council Research and Education Foundation (CCREF) and US Composting Council (USCC), 2001). Various types of composts have been utilized on highway embankments, including 1) green material compost made from yard trimmings, clippings, and agricultural byproducts, 2) manure compost such as from dairy and poultry manures, and 3) co-compost material such as bio-solids and green material co-compost, 4) wood chips and forestry residual composts. Food scraps and municipal solid waste composts have also been used for erosion control (CCREF and USCC, 2001) .
Compost, as a manufactured soil from a wide array of original materials, varies significantly in physical, chemical, and biological characteristics, and thus could perform differently in an engineering application. Iowa State University along with Iowa DOT compared the performance of three types of compost (biosolid compost, yard trimmings compost, and bioindustrial compost) and revealed that the coarsest yard trimmings compost performed the best and the biosolids and bioindustrial composts showed more vulnerability to rill erosion (Glanville et al., 2003) . Another field study by Faucette et al. (2005) tested four types of composts (biosolids compost, yard waste compost, municipal solid waste compost with mulch, and poultry litter compost with mulch and gypsum), and the study revealed all the compost treatments significantly reduced total solids loss compared to bare natural soils during storm events. Although composts have been widely used in field applications on erosion control, the mechanisms behind the different erosion resistance have been less explored and discussed. The main objective of this research work is to study the erosion control performance of three common composts through bench scale rainfall erosion experiments. The second objective of this paper is to compare and document the runoff constituents of the three composts.
MATERIALS AND EXPERIEMENTAL SETUP
Bench scale rainfall erosion tests were conducted on the campus of California State University, Fresno from August to December 2006. Three types of natural soils (sand, silt, and sandy clay) were tested. Their grain size distributions were plotted in Figure 1 . Three types of commercial composts were used as erosion control blankets. The composts are (1) green compost made of road clippings, yard trimmings and other municipal green waste, (2) manure compost made of 100% dairy manure, and (3) co-compost made of 50% (by volume) biosolids and 50% (by volume) green waste. Biosolids are nutrient-rich organic materials resulting from the treatment of domestic sewage in a wastewater treatment facility. The grain size distributions of the three composts were also shown in Figure 1 .
A rainfall simulator ( Figure 2 ) was constructed to simulate natural rainfall, based on the theory by Humphry et al. (2002) . The rainfall simulator consisted of a spray nozzle, a pressure regulator, a pressure gauge, PVC pipes, hoses, and a supporting frame. The simulator provided heavy rainfall with intensity of 7.6 cm/hr (3.0 inch/hr) at a pressure of 28 kPa (4.1psi). A soil box (30cm wide × 91cm long, 18cm deep) (1ft wide × 3ft long, 7inch deep), also shown in Figure 2 , was built to simulate an inclined embankment. The slope angle was 1:2 (V:H), or 27 degrees. A metal screen was installed at the end of slope to prevent the soil from sliding; meanwhile, the screen opening was large enough to allow the eroded soil to pass. A hose connected the soil box to a runoff collector outside of the rainfall pattern, so that runoff could be collected for soil loss and constituent analysis. Rainfall gauges were mounted on the sides of the soil box to measure the precipitation. Three rainfall simulators were built and positioned side by side (Figure 2 ), so that three erosion tests could be conducted simultaneously. Tarps were used between the rainfall simulators to prevent interference of raindrops.
FIG. 1. Grain size distributions FIG. 2. Erosion test setup RAINFALL EROSION TESTS
The aforementioned three types of base soils were first tested for erosion. The soils were compacted in the soil boxes to 85% of their maximum dry density at the optimum moisture content based on the standard Proctor compaction tests. The thickness of the compacted soil is 2.54 cm (1.0 inch). Then 1hr rainfall erosion tests were conducted. At the end of the tests, the solids in the runoff were collected and oven dried. The soil losses for the three base soils were listed in Table 1 . The natural slopes immediately after the tests were shown in Figure 3 . The silt slope failed during the rainfall test and also suffered significant soil loss. Both the sand and clay slopes retained stability, but the clay soil had much more soil loss and small rills formed at the end of the slope.
Based on the soil erosion tests, sand was selected as the base soil for the following compost erosion tests. The sand was prepared and compacted as aforementioned. Composts (green, manure, and co-compost) were loosely applied on the compacted sand in the three soil boxes, respectively. The composts were loosely laid on the sand to simulate the application of compost onto highway embankment using pneumatic blowers. The application rate (thickness of compost blanket) was 1.27 cm (0.5 inch). Then 1hr rainfall erosion tests were conducted on the three composts. The soil loss measurement followed the same method as in the base soil erosion tests, and the results were also listed in Table 1 . Figure 4 shows the compost-covered slopes immediately after the 1hr erosion tests. The previously stable sandy slope (in the base soil erosion tests) failed when coupled with green compost blanket during the rainfall, while the other two compost-covered slopes were stable. During the test, as the saturated green compost slid, it pulled the base soil with it, resulting in even more soil loss than that measured in the base soil erosion test. Many pilot erosion control projects demonstrated that compost blankets promoted and sustained vegetation growth on roadside embankments (California EPA, 2000; Barkley, 2004) . Before vegetation is established, however, bare compost blanket could be subjected to repeated rainfalls. In order to test the long-term erosion resistance before the vegetation establishment, manure compost and co-compost, which did not fail during the initial 1hr rainfall test, were subjected to repeated (a) Sand, after 1hr rain.
(b) Silt, after 1hr rain. (c) Sandy Clay, after 1hr rain.
FIG. 3. Base Soil Rainfall Erosion
(a) Green compost failed, after 1hr rainfall.
(b) Manure compost failed, after 2 events of 1-hr rainfall.
(c) Co-compost was stable, after 4 events of 1hr rainfall. Figure 4 (b) . The co-compost retained stability after the fourth erosion test (Figure 4 (c) ), after which the sequential rainfall test was terminated. The soil losses in the sequential tests were listed in Table 2 . A spike in the soil loss of the cocompost covered slope was observed in the third sequential test. During the collection of the eroded soils from the co-compost slope, more sand was noticed in the collected runoff compared to that in Tests 1 and 2. It was speculated that internal erosion beneath the compost cover occurred in Test 3, causing the sudden increase of soil loss. Then the internal erosion stabilized and the soil loss went back to minimum (11 g) in Test 4. More replicate tests are in progress to verify the speculation and to study the cause of possible internal erosion. Effect of compost size distributions on erosion was reported by Buchanan et al. (2000) -a diverse particle size distribution reduced erosion more than either small or large particles. This study showed that coarse grains (co-compost) are more erosion resistant than the fine particles of the green compost. Soil organic matter also affects erosion resistance. Organic molecules can be adsorbed on to mineral surface or mineral particles can be adsorbed onto living structure cells, so that an enmeshment of primary mineral particles is created due to the presence of soil organic components (Huang et al., 2002) . The organic matter contents, in terms of mass percentage, of the composts used in this study were: 42.6% for co-compost, 30.5% for manure compost, and 26.3% for green compost. The less degree of enmeshment of particles due to less organic matter content is another reason for more soil loss in green compost. 
FIG. 4. Compost Soil Rainfall Erosion (the base soil is sand)

